A dipole-octupole wiggler is proposed to change the energy distribution of the electrons in a storage ring so that the peak current and the related collective effects are reduced.
Introduction
Very large electron-positron storage rings such as LEP1 have bunches which are very short compared to the circumference.
This can lead to strong single-bunch effects such as bunch lengthening and coherent betatron tune shifts.
Increasing the bunch length and thereby decreasing the peak current improves this situation. To stay within the short RF wavelength and the limited energy acceptance of the machines an efficient bunch lengthener should affect mainly the core and to a lesser extent the tails of the distribution.
A combined function dipole-quadrupole wiggler2 changes the damping partition but affects the core and the tails of a bunch the same way.
However a combined function dipole-octupole wiggler introduces a dependence of the damping partition on the phase oscillation amplitude3.
With both wigglers the longitudinal damping can be weak or even negative for small amplitudes but growing with increasing amplitudes4.
This depopulates the small amplitudes and makes the tails steeper, leading to the desired distribution. Longitudinal Particle Distribution Due to the quantum fluctuations of the synchrotron radiation the electrons will not stay on the limit cycle but form a distribution around it. This is calculated by replacing the deterministic equation (4) by a stochastic differential equation
where i (t) is a delta-correlated stochastic process with zero mean value.
Its magnitude is determined in such a way that for 'normal' conditions J£0 = 2, b = 0 the 'normal' energy spread (@FE/E)o is obtained. Equation (7) Expression (8) gives the distribution with respect to the amplitude A and is related to the phase space density F(A) by
If 3to > 0 the density F(A) has a maximum in the centre A = 0; for Jeo < 0 it has a minimum in the centre and a maximum on the limit cycle A = Ao (Fig. 1) .
The mean square amplitude is
Of special interest is the projection of the distribution F(A) on the longitudinal axis which gives the line density A (s) with respect to the longitudinal coordinate s. The phase space density and the line density are shown in Fig. 1 For finite betatron amplitudes in the wiggler the horizontal excursion xo in (2) where Jxo = 3 -J-0 is the transverse damping for small energy and betatron amplitudes. To derive (14) it was assumed that c < < 1, 6 < < 1 and that the damping is weak so that odd powers of £ and 6 average to zero over one oscillation.
Furthermore the frequencies of the two modes should be different so that they have no common sidebands and terms with c6 average to zero.
The two equations (14) Since < A2 > and <A2 > are both contained in each distribution some iteration might be necessary to determine them.
In any case equations (16) 
